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Plan of presentation

AParallel computing
AGPGPU
AGPGPU technologies

AScientific applications
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Computational limits

AResources
ASpeed:
A Faster hardware

A Optimized software
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CteyyQa (il Ez2

Single Multiple
Instruction | instructions

Single data SISD MISD

Multiple SIMD

data (GPU) MIMD

We will focuson the data parallelism
(opposite to the task parallelism).

2 ASa0l ¢ tASHNYzZAT GRGEPY k Sdientific Applications



9a40dzStF ¢SOYAOF {dzLJSNA2NJ RS Ly3ISyASNR202.20J0R dza G N.

Computational limits

ATask parallelism: C
A Normal on the current OSs run on medtire processors P
A Independent processes (limited communication) U

AData parallelism:

A The same data (vector) to process

A The elements of vector could be divided and they do not
depend one on the another

A Uses multiple processing units
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Parallel computing

Parallel section
Sequential section
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Parallel computing

I KYRI fc@peedud oba programme for the
multiple processing units is limited by the time o
LINE AN YYSQa aSljdzSy Al f

1
. parallel

Processors

SpeeduF

(1- parallel)
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Parallel computing speedup

«“o=|deal
«“4=99%
<= 95%
“=75%
==50%
w===20%

8 16
Number of processors
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Parallel computing efficiency
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Parallel computing

There exists a boundary B that for N processors
taking T, time Tyx . = NB I NRf S &
N Is.

As B depends on the sequential (rparallel) part

of programme we look for a way to limit this part

In the result: speedup efficiencyy
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Parallel computing

Summarising, we could compute faster by:

Alesigning better algorithms (not always possible)
Kaster machines

Aloingtakson several processing units (cores/graphical
Processors)

The speed of PUs is currently bounded more by

guantum physics than by engineering.
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GPU Historyd very brief)

{AYLX S YSY2NE 2LJIS
Blitter (part of Agnuschip)

Programmable vertex and fragment

shaderqprogrammable 3D pipeline)

Fully programmable processing units

2?7
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Transformation
General
Graphical Purpose
Processing _ Graphical
Unit Processing
Unit
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GPU Hardware Cores

Card No. processors
GeForce 9800 GTX

GeForce9300M GS
GeForce®9800M GTX
GeForce5TX 295 (2x285)

TeslaS1075 (GPU Computing Server)

Radeon HD 4890

Mobility Radeon HD 5870
RadeorHD 5970
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Reasons to use GPGPU

Aower (more info at the next slide)
ACosts (equipment)

ACosts (energyg supercomputers, e.g. Radeon HI
5870 has 14.47 GFLOPS/W and Core 2 Extrem:
QX9775 has 0.34 GFLOPS/W)

Aviemory access (approx. a rank faster for GPU)
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GFLOPS

~4~=NVIDIA GPU
—#=—Intel CPU

Peak GFLOP/s

3.2 GHz

—alod Core2 Duo )

e ——
Jan Jun Apr Jun Mar Nov May Jun
2003 2004 2005 2006 2007 2008

GT200 = GeForce GTX 280 G71 = GeForce 7900 GTX NV35 = GeForce FX 5950 Ultra
@2 = GeForce 9800 GTX G70 = GeForce 7800 GTX NV30 = GeForce FX 5800
G80 = GeForce 8800 GTX NV40 = GeForce 6800 Ultra

Comparison fronNVIDIA CUDA Programming Guide
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Power comparison

Processinginit (or device) GFLOPs FP64
Intel Core 2Duo E8600

Intel Core 2 Duo P7350 (mobile) 16

Intel Core 2 Quad Q9650 48

Intel Core 2 Extreme QX9775 51.20
NVIDIA GeForce 93006IS (mobile) 34

NVIDIA GeForce GBS0 870(~1700 FP32)

AMD AthlonX2 7750 BE (duabre) 17

AMD Phenon Il X4 940 (quadre) 44
AMDRadeon HD 5970 928 (~2700-P32)
Microsoft Xbox 360 115 CPU/240 GPU
Sony PS3 204 CPU /900 GPU

SPARC64 VllIfx Venus 128

Various sources i.e. official materials, articles, benchmarks submitted by users.
It is only as a approx. comparison.
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GeForce5TX 295
Tesla S1070

GeForce3800 QuadroFX 1800M
GTXQuadr®lex2100 S4 GeForce805M

GeForce5105M
GeForce5102M

QuadroFX 5800 GeForcesT 130 GeForce3800 QuadroFX 1600M GeForc©800M GTX
GeForcesTX 285 QuadroFX 470 GTSQuadrelex1000 GeForcesTX 285M GeForc©800M GT
Tesla C1060 GeForcesT 120 Model IV QuadroFX 880M GeForc®800M GTS

QuadroFX 5600

QuadroFX 380

GeForce5TX 285 for MacGeForce5100

Tesla C870 QuadroFX 380 LP GeForce8600 GTS GeForcesTX 260M GeForc®700M GT
QuadroFX 4800 GeForce9800 GeForce8600 GT QuadroFX 570M GeForc®650M GS
GeForcesTX 280 GX2Quadro FX 370 GeForce8500 GT GeForcesTS 260M GeForc®600M GT
Tesla D870 GeForce9800 GeForce8400 GS QuadroFX 380M GeForc®600M GS
QuadroFX 4800 for Mac GTX+QuadreX 370 Low GeForc©400mGPU GeForcesTS 250M GeForc®500M GS
GeForcesTX 275 Profile GeForc®300mGPU QuadroFX 370M GeForc®500M G
Tesla S870 GeForc800 GeForce8300mGPU GeForcesTS 160M GeForc®400M G
QuadroFX 4700 X2 GTXQuadr&X GeForce8200mGPU QuadroFX 360M GeForc®300M GS
GeForcesTX 260 GeForce©800 GeForc8100mGPU GeForcesTS 150M GeForc®300M G
QuadroFX 4600 GTQuadrdNVS 450 GeForce5TS 360M QuadroNVS 320M GeForc®200M GS
GeForcesTS 250 GeForce©600 QuadroFX 3800M GeForcesT 240M GeForc®100M G
QuadroFX 3800 GSOQuadrdlVs 420 GeForcecTS 350M QuadroNVS 160M GeForce8800M GTS
GeForcesTS 240 GeForce©600 QuadroFX 3700M GeForcesT 230M GeForce8700M GT
QuadroFX 3700 GTQuadrdNVS 295 GeForcescT 335M QuadroNVS 150M GeForce8600M GT
GeForcesT 240 GeForce©500 QuadroFX 3600M GeForcesT 130M GeForce8600M GS
QuadroFX 1800 GTQuadrdNVS 290 GeForcecT 330M QuadroNVS 140M GeForce8400M GT
GeForcesT 220 GeForce®400GT IONQuadroFX 2800M  GeForce5210M GeForce8400M GS
QuadroFX 1700 QuadroPlex2100 D4 GeForcesT 325M QuadroNVS 135M
GeForce&10 GeForcaé83800 QuadroFX 2700M GeForce5110M
QuadroFX 580 UltraQuadroPlex2200 D2 GeForce810M QuadroNVS 130M
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GPU Hardware AT

ATIRadeomt | 5 ATIFireProt ATl MobilityRadeomt | 5
5970 V87502 48702

5870 V87002 48602

5850 V77502 4850X22
5770 V57002 48502

5750 V37502 48302
48902 46702

4870 X22 AMDFireStream 46502

48702 92702 4500 Series2
4850 X22 92502 4300 Series?2
48502

48302

47702 ATI MobilityFirePraot

46702 M77402

46502

45502 ATIRadeom 9 Y0 SR

43502 E4690 Discrete GPU2
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CPU/GPU tendency

CPU CPU CPU

a! RR € af dzLJLI2 NI ¢ £ SY RSR
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GPGPU Technologies
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Techologies

[ SGQa adFr1S F t221 lFay
A AMD/ATI Stream
A DirectX11 DirectCompute
ANVIDIA CUDA
A OpenCL

Currently CUDA and Stream support various
technologies thus we will limit their analysis
only to the original ones.
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AMD Stream

Released by ATI in December 200 Chseto-the-

Metal (beta version).

UsesBrookHanguage; Brook optimized for AMD

hardware.

In later versions was upgraded to use OpenCL ¢

DirectCompute.
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AMD Stream

Tools, Librarie
Middleware
(ACML, RapidMind ..

Brook+
Highlevel language

2 ASa0l¢ tASUNYzAT BREPY ik Sdientific Applications
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AMD Strean Brook+

Brooke was an extension to the C language,
designed to be used in stream programming (at
Stanford University).

Brooke+ was implemented by AMD and build ov
la5Qa O02YLJziS | 6adNy Ot
dzaS ' a5Qa KI NRgl NB®
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AMD Streant Brook+

kernel void sum(float a<>, float b<>, out float c<>

{
}

int main(int argc, char** argv)

{

Kernelsg operate on stream
elements

c=a+hb;

inti, j;

float a<10, 10>;

float b<10, 10>;

float c<10, 10>;

float input_a[10][10];

float input_b[10][10];

float input_c[10][10];

for(i=0; i<10; i++) {

for(j=0; j<10; j++) {

input_ali][j] = (float) i;
input_b[i][j] = (float) j;

}

}

streamRead(b, input_b);
sum(a, b, c);
streamWrite(c, input_c);

}

Example comes from AMBrookplus Manual
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AMD Streanx Tools

Integrated Stream
Kernel and CPU
Programme

CPU, Stream Code
Splitter

Kernel Compiler

CPU Emulation Code AMD Stream Processo
(C++4) Device Code (IL)

CPU Code (C)

Compiler

_ Runtime
Stream Runtime

CPU Backend GPU Backend (CAL)
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AMD Streanx Pros&Cons

+OpenCL was supported by AMD before NVIDI/
-Non-portable technology

-Before AMD introduced OpenCL was CUDA

follower

-Less popular than CUDA
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DirectX 11 DirectCompute
aAONRaz2F0Qa | yagSNI G2
Still in the development (drivers, learning
NEaz2dzNOSasz uz22fa Xo0o
A part of DirectX technology that is very popular

computer games industry.
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DirectX 11 DirectCompute

DirectX Is a winner in PC gaming branch but not

graphical software branc{OpenGL)

Is a step back causes the software not to be

portable (similar to OpenGL/DirectX struggle).

Limited to Windows O&not well choice for the

engineers or scientists.
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DirectX 11 DirectCompute

// File: BasicComputell.hlsl

Il

// This file contains the Compute Shader to perform array A + array B
Il

/I Copyright (c) Microsoft Corporation. All rights reserved.

[ e e e

struct BufType
{ . .

int i;

float f;
I

StructuredBuffer<BufType> BufferO : register(t0);
StructuredBuffer<BufType> Bufferl : register(tl);
RWStructuredBuffer<BufType> BufferOut : register(u0);

[numthreads(1, 1, 1)]

void CSMain( uint3 DTid : SV_DispatchThreadID )

{
BufferOut[DTid.x].i = BufferO[DTid.x].i + Bufferl[DTid.x].i;
BufferOut[DTid.x].f = BufferO[DTid.x].f + Bufferl[DTid.x].f;

}
2 ASa0l ¢ tASHNYzZAT GRGEPY k Sdientific Applications
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CUDA History

Public announcement was made in November

2006, Beta was released in February 2007 and 1

version in June 2007.

Currently CUDA Toolkit is in 3 version (beta).

2 ASa0l ¢ tASHNYzZAT GRGEPY k Sdientific Applications
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CUDA: Architecture

Device-level APls

-

gen W WEm| aaguage Integration
S

V4

~,

e

,

Applications
Using DirectX

Compute Shaders

- 4

Applications
Using OpenCL

/

{ Compute K

5"""'6]5;}{611"' _
nels

DirectX
Compute

\

Driver \

¥

Applications
Using the
CUDA Driver API

C for CUDA

! Compute Kernels

_________________________________ o

SN—
Applications \
Using C, C++, Fortran,

Java, Python, ...

. CforCUDA |
{ Compute Functions i

C Runtime

K

Q.IDA Driver

PTX (ISA)

N —

S

L )
CUDA Support in OS Kernel

CUDA Parallel Compute Engines
inside NVIDIA GPUs

2 8530l ¢

Source: NVIDIA CUDA Architecture
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C for CUDA

C for CUDA Is an extension of C language that
allows programmer to target portions of the

source code for execution of device.

E.g. functions _ global and device canr

be recurrent (a it is possible in standard C).
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CUDA Example

__global__ void vecAdd(float* A, float* B, float* C)

{
int i = threadldx.x;
C[i] = Ali] + B[i];
}
int main()
{
/I Kernel invocation
vecAdd<<<1, N>>>(A, B, C);
}

Example comes froiNVIDIA CUDA Programming Guide

Sa0lI g t ASiNHzaT BGRGEY i Sdientific Applications
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CUDA Example

__global__ void matAdd(float A[N][N], float B[N][N], float C[N][N])

{
int i = threadldx.x;
int ] = threadldx.y;
C[ib1 = Al + BOILL;
}
int main()
{
I/l Kernel invocation
dim3 dimBlock(N, N);
matAdd<<<1, dimBlock>>>(A, B, C);
}

Example comes froitNVIDIA CUDA Programming Guide
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CUDAc Programming schema

Blocks
0] 1 2

L/

NEEGES

1 2
p Z = Threads from one block can cooperate by:
o Z / / izat
ASynchronization

ASharing data (low latency shared memory)

, | L | £ | L
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CUDA Example

__global__ void matAdd(float A[N][N], float B[N][N], float C[N][N])
{
inti= blockldx.x * + ;
int] = blockldx.y * + ;
if i <N &&j<N)
Ci1 = ALO] + BOIOL;
}
int main()
{
I/l Kernel invocation
dim3 dimBlock(16, 16);
dim3 dimGrid((N + dimBlock.x i 1)/ dimBlock.x,
(N + dimBlock.y i 1)/ dimBlock.y);
matAdd<<<dimGrid, dimBlock>>>(A, B, C);
}

Example comes froitNVIDIA CUDA Programming Guide

2 ASa0l ¢ tASHNYzZAT GRGEPY k Sdientific Applications
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CUDA; Pros&Cons

+ Uses a variant ofl@nguage
+ Very popular (a privilege of the first solution)

- Single precision FP&nly cards > GTX 260
have FP64

- Available only on NVIDIA cards
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OpenCL

OpenCL is framework managed by consortium

Khronos Group. Its develo
Apple. The consortium Inc

and Intel.

oment was started by

udes AMD, IBM, NVII

The technical specification was publicly releasec

on 8th December 2008.
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OpenCL

OpenCL specification was implemented on varic

OSs Windows, MacOS, Linux as well as on

various hardware 1.e. AMD and NVIDIA.

It Is a portable solution (similar

OpenAL). Vendors must provid

yto O

e Tool

supporting OpenCL on particu

2 ASa0l ¢ tASHNYzZAT GRGEPY k Sdientific Applications
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OpenCL

This technology was based on C language (C99
variant). Both leaders on GPU market i.e. NVIDI

and AMD currently offers OpenCL support in the
GPU toolkits.

It obeys IEEE 782008 floating point

requirements (CUDA has some differences).
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OpenCL

Its idea Is to use all computational resources

CPSs, GPUs and other processors.
Has desktop and handheld profiles.

Processing elements are executing code as SIM

and SPMD (Single Process/Program Multiple De

elements.
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OpenCl: Architecture

Driver

GPU hardware

2 ASa0l¢ tASUNYzAT BREPY ik Sdientific Applications
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OpenClc Memory Model

Private Memory¢ per work-item

I
[

Sa0lI g t ASiNHzaT BGRGEY i Sdientific Applications
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OpenClc PyOpenCL Example

from numpy import *
import opencl

# CPU vectors allocation and initialization - Classic NumPy
host_vec 1 = array([37,50,54,50,56,12,37,45,77,81,92,56, - 22, - 4], dtype='int8")
host_vec 2 = array([35,51,54,58,55,32, - 5,42,34,33,16,44, 55,14], dtype='"int8')

host_vec_out = ndarray(host_vec_1.shape, dtype='int8’)

# OpenCL C source
opencl_source ="
__kernel void
vector_add (__global char *c, __global char *a, __global char *b)
{
/I Index of the elements to add
unsigned int n = get_global_id(0);
/[l Sum the nth element of vectors a and b and store in ¢
c[n] = a[n] + b[n];

# Compile the code and exec the kernel
prog = opencl.Program(opencl_source)
prog.vector _add(host_vec out, host vec 1, host vec 2)

# Display the result
print ".join([chr(c) for c in host_vec_out])

2 ASa0l ¢ tASHNYzZAT GRGEPY k Sdientific Applications
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OpenClc PyOpenCL Example

# Allocate GPU memory

gpu_vec 1 = opencl.Buffer(host_vec 1)
gpu_vec_ 2 = opencl.Buffer(host_vec 2)
gpu_vec_out = opencl.Buffer(host_vec_out)

# Exec the kernel
prog.vector_add(gpu_vec_out, gpu_vec 1, gpu_vec_2)

# Fetch back results
gpu_vec_out.read(host_vector_out)

gpu_vec 1 = opencl.Buffer(host_vector 1)

gpu_vec_out.read(host_vector_out)

Sa0lI g t ASiNHzaT BGRGEY i Sdientific Applications
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OpenClc Pros&Cons

+ Portable

+ Access to all compute resources
+ Rich set of buHin functions

+ Open standard

-(?)Newer than CUDA/Stream
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Programming languages

Programming GPU will not force you to write the

all parts of applications in C/C++.

C for writing GPU part is a must but CPU part
could be developed in many other languages e.(

t K2y S C2NINIYZ W QI :
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Steam/CUDA/DC/OpenCL

Steam & CUDA & DirectCompute are

OpenCL.:

Arendor independent (it Toolkit was provided),
Aorogrammer could focus on an universal proble
solving not a specific implementation,

Aeduces implementation costs,

Aeduces implementation time,
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The

Leo

GPGPLLenabled OSs

first GPGRBnabled OS was MacOSXow
pard(10.6). It uses GPGPU to manipulate

meaQ

We shall expect future OSs to more efficiently

la e.g. In video de/compression.

manage the processing units (both GPU and CF

cores). 2, 4 or X cores are more marketing tags
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GPGPU performance

Processing—
GPU
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